Abstract. BAT is an immune-modulatory monoclonal antibody that exhibits strong lymphocyte-mediated anti-tumor activity against a variety of murine and human tumors. Peptide A is a vaccine we have developed by screening a phage display peptide library on BAT monoclonal antibody. Anti-tumor activity was obtained in mice inoculated with B16 melanoma by either a single injection with BAT or immunization with peptide A. The aim of this study was to follow and compare histopathologically the process of prevention of melanoma metastases in lungs of treated and immunized mice. Mice were sacrificed on different days after tumor inoculation, their lungs were weighed and the number of metastases was counted. The lungs were then fixed in formalin, embedded in paraffin, and stained with hematoxylin and eosin. Histological examination of tumor inoculated mice on day 10 revealed the existence of microscopic melanoma lesions (0.01-0.012 mm) that increased gradually in number and size and on day 21, most of the metastases were large and spanned entire lobes, from the pleura to the hilum, measuring up to 3.5 mm and coexisting with scattered, small metastases showing the same morphology and pattern of lung involvement. On day 24, the lungs of untreated mice were massively infiltrated by coalescing metastases replacing up to 50% of the lung tissue and measuring up to 7.0 mm. The number of lung metastases and weight was dramatically decreased by a single injection of BAT monoclonal antibody ten days post tumor inoculation. The treated mice clearly had fewer and smaller metastases in different mice at the different days post tumor inoculation. On day 21, there were few small metastases measuring up to 1.6 mm and on day 24 no lung metastases were detected in this group that appeared with a completely normal lung structure. Immunization with peptide A started one day post tumor inoculation and was compared to immunization with control peptide N. Fourteen days post tumor inoculation, mice immunized with peptide A had only 1-2 metastases (0.012-0.076 mm) and on day 24 ranged up to 2 mm compared to control immunized mice where the tumor developed up to 5-7 mm. Foci of lung inflammation in both the untreated, treated or immunized mice were rare, small, and not preferentially associated with the lung metastases. They were composed mainly of small lymphocytes and a few macrophages. This study is the basis of histopathological understanding of metastases prevention in lungs of mice immunized or treated by BAT monoclonal antibody.
Introduction
Immunotherapy is applied in cancer diseases to modulate the immune system response to kill tumor cells. Several types of immunotherapy based on different humoral and cell-immunity factors are currently undergoing preclinical and clinical trials. One approach involves the use of monoclonal antibodies (1) that selectively bind to a specific determinant on T cells (2) , thereby either initiating an activation pathway or inducing an inhibitory effect (3) . Monoclonal antibodies against CD3/TCR receptors trigger the proliferation of T cells and increase their cytolytic activity (4, 5) ; antibodies against CTLA4 block its inhibitory effect on T cells (6, 7) .
We have described BAT monoclonal antibody that stimulates murine and human peripheral blood T lymphocytes proliferation (8) . In addition, a single intravenous injection of 10 μg per mouse of BAT monoclonal antibody induced regression of murine tumors in the lungs of mice injected with various tumors such as B16 melanoma, Lewis lung carcinoma or methylcholanthrene-induced fibrosarcoma (9) . BAT monoclonal antibody induced human tumors regression such as SK-28 melanoma in the lungs of SCID mice engrafted with human lymphocytes (5) . The anti-tumor activity of BAT is mediated by its immune stimulatory properties, as was evident from adoptive transfer experiments, in which splenocytes from BAT-treated mice induced regression of tumors (9) . However, BAT differs from other agonistic antibodies, such as anti-CD3 and anti-CTLA4 (7) in that its antitumor activity involves both T cells and natural killer cells. In our earlier work, we defined the primary stimulatory effect of BAT on CD4 + T cells and found that BAT stimulation of CD4 cells induced INF-Á secretion (10) . The murine BAT mAb was humanized and is now undergoing clinical trials in cancer patients. Recently we have identified two distinct peptides from a phage display peptide library that bind BAT monoclonal antibody and induced upon immunization of mice cellular and humoral responses. The cellular response was manifested by a significant increase in cytolytic activity. The humoral response was manifested by the production of specific antibodies that competed with BAT binding. These 'BAT-like' antibodies exhibited immune stimulatory and anti-tumor properties (11) .
The purpose of the present study was to follow histopathologically the process of melanoma metastasis growth in lungs of mice inoculated with B16 melanoma and the prevention of colonization of the tumor by either injection of BAT monoclonal antibody or by immunization with a BAT binding peptide.
Materials and methods
Mice inoculated with B16 melanoma and treated with BAT monoclonal antibody. C57BL mice were intravenously injected with 1.5x10 5 B16 melanoma cells in 0.250 ml phosphatebuffered saline (PBS). Ten days later, one group of mice was injected intravenously with BAT monoclonal antibody in PBS (10 μg/mouse), and the second (control) group was injected with PBS only. At different times after tumor inoculation, two mice from each group were sacrificed. The lungs were removed and weighed, and the number of metastases was counted as previously described (9) . At each time-point, the average weight of the lungs of the two mice sacrificed from each group was recorded. Metastases were scored by size from 1 (small) to 3 (large). Thereafter, the lungs were fixed in 10% buffered formalin and the tissues were embedded in paraffin. Six sections at increasing depths were stained with hematoxylin and eosin. The number of foci of inflammation was determined in 5 fields at magnification x100, regardless of whether they were associated with tumor or not. The number and maximum diameter of all the metastases in the sections were determined, as was their relation to the accompanying inflammatory infiltrates, if present. Results were compared by time and between groups. At different times after tumor inoculation, two mice from each group were sacrificed. The lungs were removed and weighed and processed as described above.
Results
Macroscopic study. Macroscopic examination of B16 melanoma injected mice was evaluated by counting the number of metastases in the lungs and by lung weight. Mice revealed a marked, 2-fold increase in average lung weight from day 12 (183 mg) to day 24 (389 mg) reflecting an increase in tumor burden. Similarly, the mean number of lung metastases increased from 1.8 to 24 on day 24. The number of lung metastases and weight was dramatically decreased by the single injection of BAT monoclonal antibody ten days post tumor inoculation (Fig. 1) .
Light microscopy study of mice inoculated with B16 melanoma and treated with BAT monoclonal antibodies. Since macroscopically we did not identify melanoma lesions in lungs of mice 10 days post tumor inoculation, we performed histological examinations. Fig. 2 reveals at that time the existence of microscopic melanoma lesions that measured 0.01-0.012 mm. Four days later (on day 14 post tumor inoculation) the tumors grew and untreated mice had 3 and 5 lung metastases measuring 0.13-0.25 mm and 0.15-2.0 mm (Fig. 3A) . However, mice injected with BAT monoclonal antibody 10 days post tumor inoculation revealed BAT antitumor effect as early as 4 days post treatment. The treated mice clearly had fewer and smaller metastases measuring between 0.1-0.2 mm in different mice as seen in Fig. 3B . In both the untreated and treated mice, foci of lung inflammation were rare, small, and not preferentially associated with the lung metastases. They were composed mainly of small lymphocytes, some with slightly irregular nuclei, and a few macrophages. The metastases contained a small number of scattered lymphocytes in equal amounts in the two groups. The exact number and size of the metastases and the number of foci of inflammation in all the mice examined are shown in Table I . On day 21, the number of metastases in the untreated mice increased further, to 15 in one and 27 in the other, measuring 0.07-3.0 mm and 0.03-3.5 mm, respectively. Most of the metastases were large and spanned entire lobes, from the pleura to the hilum, even involving the mediastinal fat in one mouse. These coexisted with scattered, small metastases showing the same morphology and pattern of lung involvement. The two BAT treated mice had fewer metastases than the untreated mice, numbering 13 and 6, and were clearly smaller, measuring 0.1-1.4 and 0.18-1.6 mm, respectively. Foci of inflammation were very sparse in both groups, and a few scattered lymphocytes extended focally into the tumors (Fig. 4) . On day 24, the lungs of the two untreated mice were massively infiltrated by coalescing metastases replacing approximately 50% and 30% of the lung tissue. Large and minute metastases coexisted. The metastases numbered 18 and 13 and measured 0.12-7.0 and 0.03-3.5 mm, respectively (Fig. 5A) . The BAT treated mice examined that day had no lung metastases at all (Fig. 5B) , and a completely normal lung structure. In both groups, inflammatory infiltrates were extremely sparse.
Since we have previously described (11) an anti-tumor vaccine prepared by immunization with peptides selected by BAT mAb, that produce 'BAT-like' antibodies, we studied microscopically lungs of B16 melanoma inoculated mice immunized with such a peptide (peptide A) compared to the effect of immunized mice with a control non-relevant peptide (peptide N).
Mice were immunized one day prior to tumor inoculation. As previously demonstrated immunization with peptide A induced a significant titer of specific BAT-like antibodies on day 14. Macroscopic examination of B16 melanoma injected mice was evaluated by counting the number of metastases in the lungs and by lung weight. As can be seen in Fig. 6 , the average lung weight in control peptide N immunized mice increased from 187 mg at day 7 to 638 mg at day 24 and the number of metastases increased to 250 (confluent). Mice immunized with peptide A showed both a significantly lower lung weight and number of metastases. They had an average lung weight of 203 mg, and only 5.5 metastases counted at day 24 post tumor inoculation.
We followed by microscopic examination the lungs of the tumor inoculated immunized mice. Fourteen days post tumor inoculation, the lungs of control peptide N immunized mice revealed 4 and 6 lung metastases, respectively, measuring between 0.02-0.022 mm in one mouse and between 0.012-0.076 mm in the second, whereas the two mice immunized with peptide A had only 1 metastasis (measuring 0.7 mm) in Table I . Microscopic analysis of tumor metastases in the lungs of BAT treated mice. ---------------------------------------------------------------------------------------------------- one mouse and 2 metastases in the second mouse measuring 0.032 and 0.020 mm (Fig. 7) .
-----------------------------------------------------------------------------------------------------Non-treated BAT treated -------------------------------------------------------------------------------------
Lungs of mice immunized with control peptide N and examined 21 days post-tumor inoculation demonstrated 12-13 metastases. The metastases ranged in size between 0.85-4 mm in one mouse and 0.47-3 mm in the second. Large areas of the lungs were involved, reaching up to about one-third of the pulmonary tissue. In contrast, in lungs of peptide A immunized mice were only 4 and 5 metastases, which were overall smaller, measuring between 0.12-1 mm and 0.06-1.5 mm (Fig. 8) .
On day 24 post tumor inoculation, mice immunized with peptide N had 14-15 lung metastases. These ranged from minute to large, measuring between 0.06-7 mm and 0.25-5 mm, respectively. The metastases involved large expanses of the lung tissue, replacing over half of the lung parenchyma. At this time the effect of peptide A immunization was most significant resulting in only one metastasis, measuring 1.5 mm in one mouse, and in the second, six small metastases ranging in size between 0.1-2 mm (Fig. 9) . The exact number and size of the metastases and the number of foci of inflammation in all the immunized mice examined are shown in Table II . 
Discussion
BAT contributes to the treatment of malignancies by its ability to stimulate the immune system and to induce antitumor activity mediated by lymphocyte populations. Previously, we examined antitumor activity by survival or by findings at termination of the study (5, 7, 9, 12) . In the present work, we followed the longitudinal effects of BAT treatment, by examining tumor development histopathologically at different time-points. Moreover, we compared BAT monoclonal antibody treatment to immunization with peptide producing BAT-like antibodies. Microscopic examination of the lungs of untreated, BAT-treated and immunized mice injected with the B16 melanoma cells clearly demonstrated the efficiency of BAT antibody in reducing or eliminating malignant cells. The lag period between tumor injection and the identification of tumor foci in the lungs was approximately 10 days, when only small microscopic lung metastases were noted. From that point onwards, up to day 24, there were clearly fewer and smaller metastases in the treated mice than in the untreated ones. In the peptide A immunized mice, metastases involved the same locations as described in the BAT-treated group. They were situated in interstitial, perivascular and subpleural locations.
The morphology of the metastatic lesions was similar in all groups, and was in accordance with earlier reports (13) . The metastases were composed predominantly of epithelioid melanoma cells with vesicular nuclei, prominent nucleoli, and a moderate amount of occasionally pigmented eosinophilic cytoplasm. They tended to be situated along the visceral pleura, around blood vessels and bronchioles, and in an interstitial pattern within alveolar septa. These patterns were discernible so long as the metastases were small. The larger metastases were composed of sheets of cells extending from pleura to hilum and, in some cases, contained small foci of necrosis. Apoptosis was not evident. In all groups, the inflammatory infiltrates were few and small, whether associated with tumor or not. They were composed of mononuclear cells -lymphocytes and histocytes. The lymphocytes occasionally contained somewhat irregular nuclei, imparting an 'activated' appearance. When they accompanied metastases, the infiltrates were always located at one of the tumor poles; single lymphocytes extended into the tumor itself. The lungs of the successfully treated mice contained no evidence of tumor and appeared entirely normal. Treated tumors leave a variety of changes in their wake, including necrosis, fibrosis, and mixed or predominantly lymphohistiocytic infiltrates. In the case of treated pigmented melanomas, the macrophages also contain melanin. Therefore, the absence of evidence supporting the previous existence of tumor and the overall lack of significant inflammatory infiltrates in the treated mice suggest that the lungs are not the site at which BAT exerts its tumoricidal effects, but rather, they mirror BAT's success in eliminating tumor in the peripheral blood system. There is ample opportunity for BAT antibody to activate lymphocytes systemically as it travels through the lymphoreticular system. We previously demonstrated that lymphocytes obtained from mice injected with BAT exhibited an increase in thymidine uptake and increased cytolytic activity on tumor target cells (8) . Thus, it is possible that BAT eliminates the malignant cells prior to their attachment to endothelium and extension into parenchymal organs. The metastases within the lungs following treatment represent tumor that has not been successfully eliminated in the blood system. The coexistence of large and minute lung metastases in both groups of mice may indicate that tumor cells circulate in the blood system continuously and that the lungs are showered by tumor emboli over time. Presumably, the larger metastases were implanted earlier. Alternatively, it is possible that the smaller metastases arise from the larger ones over time. In either case, BAT appears to eliminate or at least decrease the volume of tumor cells within the blood system, thereby limiting or entirely preventing the development of lung metastases. This also agrees with our earlier finding that in mice injected with BCL1 cells, BAT treatment reduced the number of tumor cells in the peripheral blood (14) . It is possible that in high-risk melanoma patients (15-17) BAT may prevent the development of hematogenous metastases. Table II . Microscopic analysis of tumor metastases in lungs of immunized mice. ---------------------------------------------------------------------------------------------------- 
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